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ABSTRACT 
This thesis entitled “Synthetic approaches to biologically active carbasugars: “4a-
carba-β-D-arabinofuranose, 4a-carba-β-D-lyxofuranose, 4a-carba-β-L-
arabinofuranose, 4a-carba-β-L-lyxofuranose, 4a-carba-α-D-lyxofuranose, 4a-
carba-β-L-ribofuranose, 5a-carba-β-D-idopyranose, 5a-carba-α-DL-idopyranose 
and heliconol A” is divided into four chapters. 
Chapter I: It deals with the “Introduction and previous synthetic approaches to 
carbasugars.” 
Chapter II: It is further sub-divided into two sections. 
Section A: It deals with the “A new approach to cyclopentitols using CrCl2 mediated 
domino reaction and ring closing metathesis. The synthesis of 4a-carba-β-D-
arabinofuranose and 4a-carba-β-D-lyxofuranose.” 
Section B: It deals with the “Synthesis of 4a-carba-β-L-arabinofuranose and 4a-carba-
β-L-lyxofuranose from D-mannose using Mn/CrCl3 mediated tandem reaction.”  
Chapter III: It is further subdivided into two sections. 
Section A: It deals with “A mechanistic approach for Tebbe mediated cascade 
reaction: Synthesis of 4a-carba-α-D-lyxofuranose and 4a-carba-β-L-ribofuranose. 
Section B: It deals with the “Formal synthesis of 5a-carba-β-D-idopyranose and 5a-
carba-α-DL-idopyranose using Tebbe mediated cascade reaction.” 
Chapter IV: It deals with “Synthetic studies towards heliconol A.”  
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CHAPTER I:  
Introduction and previous synthetic approaches to carbasugars. 
  Carbohydrate chemistry constitutes today a “multifaceted” discipline strongly 
connected with organic, pharmaceutical and medicinal chemistry.
 
Carbohydrates are 
important biomolecules whose role is not only limited to energy storage, also they are 
constituents of glycoproteins, glycolipids, and other conjugates. Moreover the 
carbafuranose and carbapyranose polyols in which the ring oxygen is replaced by a –
CH2 even shows improved biological properties compared to those of parent 
carbohydrate structures. Therefore these structures otherwise called as carbohydrate 
mimetics or carbasugars.  
What is carbasugar? 
Carbasugars are carbohydrate analogues in which the endocyclic oxygen has 
been replaced by a methylene group. This means that the acetal linkage of a sugar is 
formally transformed into non-hydrolysable ether in a carbasugar (Figure 1(a)). 
Natural and synthetic carbasugars, either as single molecules or as subunits of more 
complex molecules, have shown to display interesting biological activities mainly as 
enzymatic inhibitors. As time passed, the term “pseudosugar” was besmirched and 
employed for a large variety of sugar analogues, thus requiring a specification of the 
definition for different subclasses of mimetics. S. Ogawa proposed the use of the 
prefix “carba”, preceded, where considered necessary, by the appropriate locant (“4a” 
for an aldofuranose, “5a” for an aldopyranose), followed by the name of the sugar 
(Figure 1(b, c)). 
Figure 1 (a) and 1 (b):  
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Classification of carbasugars: Basically all the carbasugars are classified into two 
subcategories (i) carbafuranoses (ii) carbapyranoses  
(i) Carbafuranoses: 
The carbasugars exist in five membered furanose form are called as 
carbafuranoses. Carbafuranoses are not freely found in nature except cPRPP 4 which 
is the only pure reported carbafuranose isolated from natural sources. The subunits of 
carbafuranoses isolated from natural sources, in particular are carbanucleosides. 
These compounds have been the subject of interest in recent years.
 
It should be 
pointed out, however, that five-membered cyclitols, such as caryose 5 or calditol 6 
(Figure-2), have been isolated as natural products.  
Figure 2:  
 
 
 
Naturally occurring carbafuranoses 
(ii) Carbapyranoses: 
Carbasugars existing in six membered (pyranose) forms are called as 
carbapyranoses. Carbapyranoses have been scarcely found in nature; however they 
are abundant as subunits of other natural products. Compounds such as carba-α-D-
galactopyranose 2 (isolated from Streptomyces sp. MA-4145), cyclophellitol 7 
(isolated from Phellinus sp.), or MK7607 8 (isolated from CurVularia eragestrides) 
(Figure 3) were isolated directly from natural sources whereas aminocarbasugars, 
such as valienamine 9 have been mainly found as subunits of several, more complex 
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molecules. From a formal standpoint, carba-D-galactopyranose 2 is the only 
“genuine” carbasugar isolated from natural sources. 
Figure 3:
 
 
 
 
 
 
Biological effects of carbasugars: 
To the best of our knowledge, 5-phosphoribosyl-1-pyrophosphate (cPRPP 4, 
Figure 2) the only natural carbafuranose isolated. Its biological activity was evaluated 
by examining the enzymatic inhibitory activity against the enzyme 5-phosphoribosyl-
R-1-pyrophosphate (PRPP) synthetase and further this enzyme reacts with ATP in the 
presence of Mg ion to give PRPP, a compound involved in the biosynthesis of 
histidine and tryptophan. From a biological point of view, there is evidence that the 
activity of PRPP synthetase is elevated in tumors. Then, inhibitors of this enzyme 
show antineoplastic activity. Compound 4 inhibits PRPP synthetase with a Ki of 186 
íM (human type PRPP synthetase) and a Ki of 3811 mM (Bacillus subtilis PRPP).  
Similarly carbapyranoses like 5a-carba-α-D-galactopyranose 2 has been found 
in a fermentation broth of Streptomyces sp. MA-4145, as an antibiotic. Inhibition of 
D-glucose-stimulated release of insulin has been studied by using α-DL-carba-
glucopyranose as a glucokinase inhibitor. That is 5a-carba-α-DL-glucopyranose and 
5a-β-DL-carba-glucopyranose were used as synthetic analogues of D-glucose 
anomers in order to study the mechanism of D-glucose stimulated release of insulin 
by the pancreatic islets.  It was found that the carba-sugar was neither phosphorylated 
by liver glucokinase, nor stimulated release of insulin from the islets.  Incubation of 
islets with α-DL-carba-glucopyranose resulted in an accumulation of carba-sugar, 
probably the D enantiomer, in the islets.  α-DL-carba-glucopyranose inhibited both 
D-glucose stimulated release of insulin (44% inhibition at 20 mM) and islet 
glucokinase activity (36% inhibition at 20 mM), but β-DL-carba-glucopyranose did 
not show any activity. 
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Synthesis of Carbasugars:
 
The strategies adopted to obtain carbafuranoses and carbapyranoses can be 
broadly classified into two groups: (i) synthetic methods which employ non-
carbohydrates as starting materials and (ii) protocols which utilize carbohydrates as 
precursors. Some other strategies which make use of natural products other than 
carbohydrates as starting materials have also been examined. 
CHAPTER II: 
Section A:  
A new approach to cyclopentitols using CrCl2 mediated domino reaction and 
ring closing metathesis. The synthesis of 4a-carba-β-D-arabinofuranose and 4a-
carba-β-D-lyxofuranose. 
Polyhydroxylated five and six membered carbocycles or cyclitols are the core 
structures of many interesting biologically active compounds.
 
These compounds are 
also called carbasugars or pseudosugars and they mimic monosaccharides in 
biological systems, therefore these can be exactly viewed as furanose or pyranose 
analogues. The lack of acetal function prevents them from enzymatic hydrolysis when 
compared to the sugar derivatives which makes them resistant to glycosidases and 
hence these compounds act as excellent inhibitors of glycosidases.
 
 Transformation of readily available carbohydrates to polyfunctionalized 
carbocyclic derivatives is an attractive strategy adopted by many synthetic chemists. 
Owing to their biological and structural importance, carbafuranoses became important 
targets for synthetic chemists. In continuation of our work, here in we would like to 
present the application of NHK-RCM strategy for the short synthesis of cyclopentitols 
4a-carba-β-D-arabinofuranose 10 and 4a-carba-β-D-lyxofuranose 11. The key step of 
our synthesis is domino reductive-elimination and vinylation under NHK condition 
which gives the required diene in an efficient way. 
The retrosynthetic analysis of compounds 10 and 11 is depicted in Scheme 1. 
The required diene precursor 12 can be obtained from vinyl iodide derivative 13 and 
aldehyde 14. The aldehyde 14 in turn can be generated from the ribofuranoside 15. 
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Scheme 1:  Retrosynthesis of carbasugars 1 and 2 
 
 
 
 
 
 
Reductive elimination of ω-iodoglycosides under Bernet-Vasella conditions 
giving aldehyde and terminal double bond have been still showing many synthetic 
applications. Our group also utilized this reaction for the synthesis of pentenomycins. 
Because of the instability of the generated aldehyde, it has been reacted in situ 
without isolation and this strategy has been efficiently explored by Madsen et al. for 
the conversion of carbohydrates to carbocycles. In their approach the Zn mediated 
reductive-elimination of iododerivative gives aldehyde which on Barbier allylation in 
the same pot yields the diene. RCM reaction of the diene gives carbocycles. This 
strategy worked very well for propargylation and allylation, but for vinylation, which 
cann’t be generated by Barbier type reaction, they generated the nucleophilic divinyl 
zinc from vinyl lithium prior to the reaction. Application of these conditions on 
substrates like 13 may yield α-elimination product during metallation instead of the 
corresponding vinyl lithium. To overcome this difficulty earlier we utilized NHK 
condition to get the required nucleophile from 13. Here in we are presenting the 
utilization of modified NHK reaction developed by Furstner et al. to generate Cr (II) 
species in situ for the preparation of aldehyde 14 and vinyl chromium in the same pot 
to get the diene 12. The development of this method is based on the fact that the NHK 
reaction is tolerant of functional group diversity on both the organochromium species 
as well as on aldehyde, unlike other organometallic reagents. 
 To implement the domino strategy, D-ribose was taken as starting material. 
First D-ribose was converted to 2, 3-O-Isopropylidene ribofuranoside 15.
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hydroxyl group in 15 was converted to iodide by TPP, imidazole and I2 to give the 
product 16 as reported in the literature. The iodo compound 16 was treated with 
Zn/CrCl3 for 3h. Generation of anhydrous CrCl2 is confirmed by change of color from 
violet to pale blue. Then a catalytic amount of anhydrous NiCl2 was added to the 
reaction mixture to facilitate the NHK reaction. Addition of vinyl iodide 13 followed 
by stirring the reaction mixture at rt for 8 h indeed gave the inseparable mixture of 
diastereomers 17 and 18 in 1:1 ratio.  Some earlier methods utilized ultrasonication 
for the actvation of Zn to carry out the reductive elimination, where as Furstner’s 
conditions gave us the required aldehyde 14 smoothly without sonication. Treatment 
of 17 and 18 with Grubbs second
 
generation catalyst gave the cyclic compounds 19 
and 20 which were separated by column chromatography. Both the isomers 19 and 20 
are subjected to PDC (pyridinium dichloro chromate) oxidation to give the enone 21. 
Luche reduction of 21 gave five membered compound 20 as an exclusive isomer in 
93% yield. The concave-convex nature of the bicyclic [3, 3, 0] system in 21 imposed 
the necessary restrictions on the incoming reducing hydride, which allow it to 
approach the molecule exclusively from the less congested convex-face. When the 
olefinic double bond in compound 20 was reduced using Pd/C under H2 indeed 
afforded the compound 22 as the only product (Scheme 2). 
Scheme 2. Synthesis of compound 6-13. 
 
 
 
 
 
 
 
Reagents and conditions : (a) MeOH, acetone, H2SO4 (cat), 0 
oC to rt., 6 h, 95%; (b) TPP, I2, 
imidazole, DCM, 0 
o
C to rt, 4 h, 91%; (c) Zn/CrCl3, THF:DMF (1:1), 8 h then NiCl2 (cat), 4, rt 4 h, 
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48%; (d) Grubbs 2
nd
 gen. cat (10 mol%) DCM, reflux, 6 h, 81%; (e) PDC, DCM, 4A
o 
MS, rt, 5 h, 98%; 
(f) CeCl3, NaBH4, MeOH, 6 h, 93%; (g) Pd-C/H2,  MeOH, 2 h, 98% 
Mitsunobu inversion of 22 gave the compound 23. Global deprotection of 23 
gave the required carbasugar 10. The structure was further confirmed by making its 
tetra acetyl derivative 24 (Scheme 3). 
Scheme 3: Synthesis of 4a-carba-β-D-arabinofuranose (10) 
 
 
 
 
Reagents and conditions:  (i) (a) TPP, PNB, DIAD, THF, 0 
o
C, 12 h, (b) LiOH. H2O, 5 h, 93% (j) 2N 
methanol in HCl, 0 oC, 15 min. 
Global deprotection of 22 gave the other carbasugar 11. The compound was 
further converted to its tetra acetyl derivative 25, whose spectral data are also in good 
agreement with the reported values (Scheme 4). 
Scheme 4: Synthesis of 4a-carba-β-D-lyxofuranose (11) 
 
 
 
 
Reagents and conditions :  (k) 2N methanol in HCl, 0 oC, 15 min; (l) Ac2O, Et3N, DMAP (cat.), DCM, 
rt, 6 h, 92% 
In conclusion, we synthesized two carbasugars 4a-carba-β-D-arabinofuranose 
10 and 4a-carba-β-D-lyxofuranose 11 from D-ribose using tandem sequence of 
reductive-elimination and nucleophillic addition under NHK conditions in good yields 
and with good optical purity. This strategy is useful to make more quantities of 
compound 10 and 11, which will be helpful in making different analogues of 
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carbanucleosides. Also compounds 19 and 20 can be used for the synthesis of 
neplanomycins and their derivatives.  
Section B:  
Synthesis of 4a-carba-β-L-arabinofuranose and 4a-carba-β-L-lyxofuranose from 
D-mannose using Mn/CrCl3 mediated tandem reaction.  
In earlier section we described a new domino strategy for the synthesis of two 
active carbasugars starting from D-ribose.  In continuation of this domino strategy for 
the synthesis of active carbasugars here in we would like to present the application of 
modified NHK-RCM strategy for the synthesis of carbasugars 26 and 27 starting from 
D- mannose. The key step of this synthesis is the domino reductive-elimination and 
vinylation under modified NHK condition. As mentioned earlier the reductive 
elimination of ω-iodoglycosides under Bernet-Vasella conditions giving aldehyde and 
terminal double is a very useful reaction. In the previous section we reported the 
insitu generation of CrCl2 required for Vasella elimination followed by NHK coupling 
in the same pot using Zn as a reductant. Here in we are extending the utilization of 
this modified catalytic NHK reaction originally developed by Furstner et al. to 
generate Cr (II) species insitu for the preparation of aldehyde 5 and vinyl chromium in 
the same pot using Mn as reductant to get the diene 3. In this methodology we tried to 
eliminate the use of Zn by comparatively inert and less toxic Mn metal using modified 
catalytic methodology which really decreases the amount of CrCl3 unlike previous 
methodology.   
Retrosynthesis: 
The retrosynthetic analysis of carbasugars 4a-carba-β-L-lyxofuranose 26 and 
4a-carba-β-L-arabinofuranose 27 is depicted in Scheme 5. The required diene 
precursor 28 can be obtained from vinyl iodide derivative 13 and aldehyde 29. The 
aldehyde 29 in turn can be generated from the mannofuranoside 31 which can be 
easily obtained from D-mannose (Scheme 5). 
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To implement the domino strategy, first D-mannose was converted to 2, 3:5, 
6-Di-O-isopropylidene-α-D-mannofuranose 30 in 75 % yields.
 
The 5, 6-O-acetonide 
function was cleaved by treating the compound with H5IO6 to give a diol. The diol 
compound was chopped in the reaction conditions to give an aldehyde
 
which was 
immediately reduced using NaBH4 in methanol to afford the compound 31 
quantitatively. The primary hydroxyl group in 31 was converted to iodide by TPP, 
imidazole and I2 to give the product 32 in 91% yields. The iodo compound 32 was 
treated with Mn/CrCl3 (20:1) for 3h. Generation of anhydrous CrCl2 was confirmed 
by change of color from violet to pale blue. Then a catalytic amount of anhyd. NiCl2 
was added to the reaction mixture to facilitate the NHK reaction. Addition of vinyl 
iodide 13 followed by stirring the reaction mixture at rt for 8 h indeed gave the 
inseparable mixture of diastereomers 33 and 34 in equimolar ratio in 48% yield for 
two steps. Treatment of the mixture 33 and 34 with Grubbs second
 
generation catalyst 
gave the cyclic compounds 35 and 36 in 81% yield which were well separated by 
column chromatography.  To get the exclusive isomer here we adopted oxidation-
reduction protocol. The mixture of RCM products were oxidized using PDC in DCM 
to get the compound 37 followed by the reduction of compound 37 under Luche 
conditions afforded compound 35 in good yield. The olefin double bonds in 
compound 35 was reduced using Pd/C under H2 to afford the compound 38 as the only 
product.
24
 Global deprotection of THP and acetonide function in 38 gave the required 
carbasugar 26 in 95% yield whose spectral and physical data were in agreement with 
the reported literature values (Scheme 6). 
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Scheme 6. Synthesis of 4a-carba-β-L-lyxofuranose.  
 
 
 
 
 
 
 
 
 
 
Reagents and conditions : (a) MeOH, acetone, H2SO4 (cat.), 0 
o
C to rt., 6 h, 95%; (b) (i) H5IO6, THF, 0 
oC-rt, 3 h (ii) NaBH4, MeOH, 0 
oC - rt, 1 h, 65% for two steps (c) TPP, I2, imidazole, DCM, 0 
oC to rt, 
4 h, 91%; (d) Mn/CrCl3 (2:5), THF:DMF (1:1), 8 h then NiCl2 (cat), 4, rt 4 h, 48%; (e) Grubbs 2
nd
 gen. 
(cat.), DCM, reflux, 6 h, 81%; (f) PDC, DCM, 4A
o 
MS, rt, 5 h, 98%; (g) CeCl3, NaBH4, MeOH, 6 h, 
93%; (h) Pd-C/H2,  MeOH, 2 h, 98%.; (i) 2N MeOH in HCl. 
Mitsunobu inversion of 38 gave the compound 39 in 93% yields. Global 
deprotection of 39 gave the required carbasugar 27 in 95% yields whose spectral data 
were in good agreement with the reported values (Scheme 7). 
Scheme 7: Synthesis 4a-carba-β-L-arabinofuranose 
 
 
 
 
Reagents and conditions:  (h) (i) TPP, PNB, DIAD, THF, 0 
o
C, 12 h; (ii) LiOH. H2O, 5 h, 93%; (i) 2N 
methanol in HCl, 0 
o
C, 15 min, 95%. 
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In conclusion, we have developed a diversity oriented general strategy for the 
synthesis of 4a-carba-β-L-lyxofuranose and 4a-carba-β-L-arabinofuranose using 
modified catalytic NHK condition followed by ring-closing metathesis.  
CHAPTER III 
Section A: 
A mechanistic approach for Tebbe mediated cascade reaction: 
Synthesis of 4a-carba-α-D-lyxofuranose and 4a-carba-β-L-ribofuranose. 
Conversion of readily available carbohydrates to these polyfunctionalized 
carbocyclic derivatives is an attractive route adopted by many synthetic chemists.. 
Among these intramolecular ring closure of carbohydrates to give carbocycle is a 
highly useful transformation which gives direct access to the densely substituted 
cyclitols. Fisher et. al., work is the first report in conversion of carbohydrates to 
carbocycle where he utilized intramolecular aldol reaction for this conversion. Ferrier 
developed another interesting and practical approach for the synthesis of polyhydroxy 
cyclohexanone derivatives starting from hex-5-enopyranoside via regiospecific 
hydroxymercuration and aldol like intramolecular cyclization. This approach 
provided a practical route to many cyclohexitols. In another interesting approach by 
Sinay et al., the 5-enohexopyranose was converted to cyclohexitols using TIBAL, 
where the transposition of oxygen atom takes place with the exocyclic carbon without 
cleaving the anomeric C−O bond. Also TIBAL reduces the carbonyl group generated 
during the intramolecular cyclization to give cyclohexitols. Later on, this 
transformation was carried out with Ti(O
i
Pr)3 under mild condition. 
The above methods are generally useful for making six membered 
carbopyranoses, but to best of our knowledge none of these approaches are used for 
the transformation of furanosides to cyclopentitols. The solution to the above 
challenging problem was given by Belanger and Prasit et al.,
 
where the five 
membered enol-lactone was converted to cyclopentanose derivative using LiAlH(O
t
-
Bu)3. Recently Rene Gree et.al. developed an another interesting approach which 
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involves tandem isomerisation-aldolactonisation of vinyl sugar to cyclopentenone 
using 5% Fe (CO)5 and  photoirradiation .
 
 In continuation of our work in conversion of carbohydrates to carbocycles 
here in we report an attractive alternative route to cyclopentitols from 5-eno-
furanoside. 
 
After analyzing the retrosynthesis of some of the cyclopentitols (Scheme 8), it 
was realized that the olefinic cyclopentane derivative (A) can be a suitable 
intermediate for the synthesis of these cyclopentitols. Since, to the best of our 
knowledge the compound (A) is not reported in the literature, therefore we envisaged 
a novel approach for its synthesis. 
Scheme 8: 
 
 
 
 
 
 
 
Based on retrosynthesis it was felt that compound 50 is a logical precursor for 
51, which inturn can be prepared from the enofuranoside 48 via ring opening folloby 
intramolecular aldol reaction. The enofuranoside 48 can be synthesized from lactone 
47 through one carbon extension (Scheme 9). 
Scheme 9: 
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In priniciple we require a methylenation reagent for two one carbon extension 
steps and a Lewis acid for cleavage of isopropyl group for carbocyclization to 
complete all the transformation of lactone 47 to olefin alcohol 51. It was felt that the 
Tebbe reagent is a suitable one for conversion of 47 to 51, since it has inherent Lewis 
acidity and it is very well known for one carbon extension of carbonyl, ester, lactone 
etc.
 
Moreover the dissociated byproducts of the bimetallic Tebbe reagent also have 
Lewis acidity.  
In order to implement the above assumption, the required lactone 47 was prepared 
from the suitable 2, 3-O-isopropylidene-D-ribose 44 following the reported procedure.
 
The anomeric hydroxyl function in 2, 3-O-isopropylidene-D-ribose 44 was selectively 
oxidized to give corresponding lactone 45. 2, 3-O-Isopropylidene-D-ribonolactone 45 
on treatment with aq NaOH solution at 40°C for 10 min and then oxidative 
degradation with NaIO4 at 0 °C yielded the lactol 46. The compound 46 was 
converted to its isopropyl furanoside 47 in acidic medium using isopropanol and 
PPTS (cat), in 84% yield, which is a starting material for our key reaction. When 
compound 46 was treated with Tebbe reagent (2.2 eq) in THF solution at 0 °C for 1 
hr, smoothly yielded the expected compound 51 in 40% yield [ α]
20
D -125.24 (c 2.67, 
CHCl3 ) (Scheme 10). 
Scheme 10: 
 
  
 
 
 
The newly created hydroxyl center in 51 is confirmed by its NOE. Irradiation of 
H−4 (Figure 4 X) reveals the presence of NOE with one of the hydrogens of 
methylene (=CH2), H−3 with the hydrogens of one of the isopropylidene methyl, but 
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there is no NOE between H−4 and H−2. Similarly when H−2 is irradiated, it showed 
NOE with H−1 and H−3, one of the isopropylidene methyl group hydrogens, but no 
NOE with H−4. These results confirmed the position of H−2 as α in compound 51. 
The stereoselectivity of the reaction could be rationalized through a seven membered 
transition state (Figure 5 Y) or through the transition state as in Figure 5Z where the 
carbonyl group is located away from the isopropylidene, thus generating the β 
hydroxy functionality in the cyclized product. 
 
 
 
 
In the conversion of 47 to required intermediate 51, four transformations are 
taking place sequentially in one pot. These are methylenation of lactone 47 to give 48, 
cleavage of isopropyl group in isopropyl enofuranoside 48 to give 49, intramolecular 
aldol reaction of 49 to give 50 and again methylenation of 50 to give 51 (Scheme 11). 
Scheme 11: 
 
 
 
 
To further investigate the aldol mechanism we carried out the reaction with 
1.1 eq. of Tebbe reagent which gave compound 48 (27 mg, 20%), β-hydroxyketone 
50 (4 mg, 5%), 51 (14 mg, 13%), starting material 47 (15 mg, 17%), enone 52 (5 mg, 
10%) and other unidentified byproducts (Scheme 12). 
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After successfully achieving the cyclopentene intermediate 51 we turned our 
efforts for the transformation of 51 to carbafuranoses by functionalizing the exocyclic 
double bond. The olefinic compound 51 on stereoselective reduction with BH3.DMS 
and followed by oxidative hydrolysis with H2O2/NaOH yielded the 2, 
3−O−isopropylidene 4a−carba−α−D−lyxofuranose 53 and 2, 3−O –isopropylidene 4a-
carba-β-L−ribofuranose 54 in 3.8 :1 ratio (Scheme 13).  
Scheme 13: 
 
 
 
The stereochemistry in 53 was further confirmed by its NOE studies. When 
H−3 is irradiated it showed a strong NOE with H−4 and no NOE with either of the 
protons of 6-CH2OH (Figure 6). 
 Figure 6: 
 
 
Diol 53 on acidic hydrolysis with MeOH/HCl afforded 4a-carba-α-
Dlyxofuranose 40. For the convenience of purification the crude product (tetraol) is 
converted to its acetylated derivative 55 using Ac2O/Et3N (Scheme 14). 
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Scheme 14: 
 
 
The minor compound 54 was further deprotected using 2N MeOH/HCl to get 
4a-carba-β-L-ribofuranose 42 (Scheme 15). 
Scheme 15: 
 
 
In conclusion we have developed a novel and general strategy  for the 
transformation  five membered carbohydrate lactone to cyclopentitol using Tebbe 
reagent and synthesized two important carbasugars 4a-carba-α-D-lyxofuranose 40 
and 4a-carba-β-L−ribofuranose 42 stereoselectively.  
Section B:  
Formal Synthesis of 5a-carba-β-D-iodopyranose and 5a-carba-α-DL-idopyranose 
using Tebbe mediated cascade reaction. 
           After successfully achieving five membered carbasugars from sugar lactones 
we turned our efforts to apply the same strategy for six membered skeleton like 56 to 
see the generalization of this strategy. We envisaged preparing compound 56 from 
which many natural and unnatural carbapyranoses can be made by manipulation of 
exocyclic olefin bond (Scheme 16). 
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Scheme 16: 
We designed retrosynthesis based on our earlier Tebbe protocol (Scheme 17). 
Intermediate 56 can be obtained from ketone 57 by one-carbon extension. Compound 
57 can be obtained via intramolecular aldol reaction of the enol-aldehyde 58. The 
enol-aldehyde 58, in principle can be obtained from enol 59 by deprotection of 
isopropyl protecting group at anomeric position in presence of acidic medium. The 
enol 59 can be obtained from its corresponding lactone 60 with one-carbon extension.  
Compound 60 can be obtained from D-glucose by adopting a known protocol as 
before. 
Scheme 17: 
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Accordingly we started our synthesis from D-glucose. The primary hydroxyl 
group of methyl pyranoside 61 was protected as TBS ether to give 62, which after tri 
benzylation gave compound 63. Both the methyl and TBS ether protections were 
removed by treating the compound 63 with 3 N HCl in dioxane under reflux 
conditions to get the diol 64. The anomeric hydroxyl group was selectively oxidized 
using Br2/BaCO3 to afford the lactone 65. Lactone 65 was treated with NaOH 
followed by chopping using NaIO4 gave the lactone 66. The anomeric –OH group of 
66 was protected as isopropyl ether by treating the compound with isopropanol, PPTS 
(cat.) under reflux conditions to give 60. The lactone 60 was treated with Tebbe 
reagent (1.5x2 eq.) in THF solution at 0 
o
C for 1 h yielded the expected compound 56 
and 67 in 38% yield in 4:1 ratio (Scheme 18). 
Scheme 18: 
 
 
 
 
 
 
 
 
Reagents and conditions : (a) MeOH, H2SO4 (cat.), reflux, 12h, 83%; (b) TBSCl, imidazole, DMF, 75 
o
C, 7h, 65%.; (c) BnBr, TBAI, THF:DMF (4:1), 0 
o
C, 3h, 68% (d) 3N HCl, 1,4-dioxane, 100 
o
C, 12h, 
60%.; (e) Br2, BaCO3, THF:H2O (1:2), 0 
o
C, 3h, 50%.; (f) (i) NaOH, H2O, 40 
o
C, 30 min, (ii) NaIO4, 0 
o
C, BaCl2, 30 min, 45%.; (g) 2-propanol, PPTS, reflux, 80 
o
C, 1.5 h, 75%.; (h) Tebbe reagent (3 eq), 
THF, 0 
o
C, 1 h, 38%     
In the transformation of lactone 60 to cyclohexene 56, four transformations are 
taking place in one pot. They are methylenation, cleavage of isopropyl group, 
carbocyclization and again methylenation (Scheme 19).  
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Scheme 19: 
  
 
 
 
 
 
To explain the plausible mechanism in the Tebbe mediated cascade reaction 
the compound 60 was treated with 1.5 eq. of Tebbe reagent. Treatment of the 
compound 60 with 1.5 eq. of Tebbe reagent in THF indeed gave the compounds 56, 
57, 59, 67 and 68 along with some unidentified products (Scheme 20).  
Scheme 20: 
  
 
 
 
 
The formation of major compound 56 can be explained based on Prof. Sinay’s 
protocol, was probably initiated by the coordination of the aluminium or titanium 
atom of Tebbe reagent with endocyclic enolic oxygen atom (Scheme 21). This endo 
activation is followed by a ring opening step with the generation of L. A. complexed 
enolate intermediate A. Alternatively, a rotation would give the intermediate B, where 
the orientation of the carbonyl group is trans, preferable for clelation. In both cases 
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the intramolecular aldol condensation goes through a favored 6-(enolendo)-exo-trig 
process. Compound 56 was obtained by one carbon methylenation of 57 by Tebbe 
reagent. Compound 68 was formed as a minor isomer and 67 was formed as the one 
carbon olefination of the compound 68. 
Scheme 21: Mechanism for the formation of compound 57 from 59: 
 
 
 
 
 
 
To study the Lewis acid promoted cyclization in order to obtain the keto 
cyclized product 
 
we carried out the reaction on 59 by taking different Lewis acids 
(table 1). Treating compound 59 with 1.5 eq. of Me2AlCl cleanly gave 69 in 70% 
(Scheme 22). 
Scheme 22: 
 
 
 
 
 
 
 
O
OBn
BnO OBn
O
OBn
BnO OBn
OO
59 69
Me2AlCl (1.5 eq)
DCM, -78
o
C-rt, 1.5 h
70%
O
BnO
BnO O
BnO
O+
BnO
BnO O
BnO
LA
BnO
BnO
O
LA
BnO
BnO OBn
O
LA
BnO
BnO
BnO
OH
Orotation
A
B
57
59
-
H
OBnO
O
+
Abstract 
 
 
22
Table 1: 
Reagent (equiv.) Conditions Yield 
 
BF3.Et2O (1.1) 
TiCl4 (1.2) 
SnCl4 (1.1) 
TMSOTf (1.1) 
Me2AlCl (1.5)  
 
 
THF, 0 
o
C, 30 min 
DCM, -78 
o
C - rt, 3 h 
DCM, 0 
o
C - rt, 12 h 
DCM, -78 
o
C - rt, 7 h 
DCM, -78 
o
C - rt, 1.5 h 
 
10% 
Decomp. 
15% 
Decomp. 
70% 
 
The major compound 56 under hydroboration followed by oxidation using 
BH3.Me2S, H2O2/NaOH yielded the 3, 4, 5-tribenzyloxy-5a-carba-β-D-idopyranose 
70 as the only isolated pure product. The confirmation of the stereochemistry was 
obtained by matching the spectral and physical data with the reported values.  
Transformation of compound 70 to 5a-carba-β-D-idopyranose 71 can be achieved by 
reduction under H2 using Pd/C in MeOH which was already been reported in the 
literature (Scheme 23).  
Scheme 23:  
 
 
 
The minor compound 67 was allowed to react under similar conditions yielded 
the 3, 4, 5-tribenzyloxy-5a-carba-α-DL-idopyranose 72 as the only isolated pure 
product. Transformation of compound 3, 4, 5-tribenzyloxy-5a-carba-α-DL-
idopyranose 72 to 5a-carba-α-DL-idopyranose 73 can be achieved by debenzylation 
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of all benzyl groups using Pd/C under H2 in MeOH which was already been reported 
in the literature (Scheme 24).  
Scheme 24: 
 
 
In conclusion we developed a short stereoselective and new approach for the 
synthesis of carbapyranoses from carbohydrates using Tebbe mediated cascade 
sequence. The study for further development of this one pot strategy to increase the 
yield of this reaction and its application in the synthesis of natural products is going 
on in our laboratory. 
Chapter IV:   
Synthetic studies towards heliconol A. 
In 2006, Gloer et al. reported the isolation, structure elucidation and biological 
activity of three new compounds, heliconol A–C 74–76 (Figure 7), all containing a 
reduced furanocyclo pentane unit from the fresh water aquatic fungus Helicodendron 
giganteum Glen-Bott (Helotiaceae) collected from a sample of submerged wood in 
Alaska.  
Figure 7: 
 
 
 
Heliconols A–C (74–76) were tested against Candida albicans (ATCC 
14053), Staphylococcus aureus (ATCC 29213), Bacillus subtilis (ATCC 6051), 
Escherichia coli (ATCC 25922), Aspergillus flavus (NRRL 6541), and Fusarium 
verticillioides (NRRL 25457). Heliconol A 74 was found to inhibit the growth of F. 
verticillioides and exhibited activity against C. albicans, S. aureus, and B. subtilis 
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while compounds 75 and 76 showed no activity. The relative and absolute 
stereochemistry of heliconol A 76 was prima facie established by NOESY and single-
crystal X-ray crystallographic analysis of its dibromo benzoate derivative. 
Because of interesting structural features and biological activity these 
molecules and in continuation of our interest in the synthesis of biological active 
carbasugars we undertook the synthesis of (-) heliconol A which contains a poly 
hydroxyl carbafuranose ring conjoined with a furanose skeleton in a cis fashion. 
Herein we report new strategy where five chiral centres can be created within a cis 
fused bicyclic ring system starting from a cheap and readily available C2-symmetric 
L-diethyl tartarate.  
Retrosynthetic analysis: 
 The retrosynthetic analysis revealed that (-) heliconol can be synthesized from 
77 by a β-face [convex side] hydride (H
-
) attack on keto function of a cis fused 
dihydroxy furanocyclopentanone unit and inversion of C-6 chiral center. The more 
stable conformer 77 was expected to obtain from a symmetric diketo intermediate 80 
via 79.  Herein we thought that an acid mediated deprotection of acetonide function 
will lead to a dihydroxy diketo compound 79 which can immediately cyclize in path a 
to give 27 or in path b to give 78. It was anticipated that the cyclization process will 
lead to 77 as the stable conformer where all the substituents orient away from concave 
face of the cis fused 5/5 membered skeleton. Again 80 can be obtained from 
cyclopentenone derivative 81 by OsO4 dihydroxylation. In turn 81 can be obtained 
from the diene 82 by ring closing metathesis reaction of the two terminal olefins 
which can be prepared from a cheap and available starting material L-DET (Scheme 
25). 
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Scheme 25:  
 
 
  
   
 
 
 
 
 
L-DET on refluxing with 2, 2-DMP in presence of PTSA (cat.) for 5 h gave 
2,2 DMP protected DET 83. Reduction of ester functionalities using LiAlH4 afforded 
the reduced diol 84. The diol 84 was mono protected as TBS ether 85 and the hydroxy 
group of 85 was oxidized using Swern oxidations followed by octyl Wittig olefination 
to give the compound 86. The cis olefin was reduced under hydrogen to afford the 
saturated product 87. The TBS ether function was deprotected using 1M TBAF to 
give the alcohol 88. The primary hydroxyl group in 88 was oxidized using Swern 
oxidations followed by one carbon Wittig olefination to give compound 89. 
Compound 89 on hydroboration/oxidation using BH3.DMS and H2O2, NaOH gave an 
alcohol 90. The primary hydroxyl group in 90 was oxidized using Swern conditions to 
give a crude aldehyde. The crude aldehyde on Eschenmoser olefination using 
CH2=N
+
(Me)2I
-
 gave rise an aldehyde 91. Compound 91 when treated with 
homoallylic Grignard reaction gave rise to a diolefinic alcohol compound 82 and 92 
as an unseparable mixture. Ring Closing Metathesis (RCM) reaction using Grubbs 2
nd
 
generation catalyst on the mixture compounds 82 and 92 gave rise to compounds 93 
and 94 as 6:4 which were well separated at this step (Scheme 26). 
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Scheme 26: 
 
 
 
 
 
 
 
 
 
 
 
         
 The alcohol functionality in the mixture compound 93 and 94 was oxidized 
using PDC in DCM to get an enone as a single product 81. The olefin of the enone 81 
was dihydroxylated using OsO4, NMO in acetone:water (4:1) to get 95 and 96 as 4:1 
ratio. The secondary hydroxyl function of major compound 95 was again oxidized 
using tempo oxidation to get a symmetric diketone 79. The deprotection of acetonide 
function was achieved by treatment of compound 79 with 4 N HCl for 100 
0
C for 4 h 
to get a bicyclic trihydroxy ketone 77 (Scheme 27). 
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Scheme 27: 
  
 
 
 
The inversion of C-6 chiral center followed by a stereoselective reduction of 
carbonyl functionality of 77 will lead to our target material (-) heliconol whose study 
is under progress in our labaratory (Scheme 28). 
Scheme 28: 
 
 
 
 
In conclusion we developed a new and efficient synthetic strategy towards the 
synthesis of (-) heliconol A via a symmetric diketo intermediate whose synthesis 
included Eschenmoser olefination, stereoselective Grignard reaction, RCM, 
stereoselective dihydroxylation as the key steps starting from L-DET as the starting 
material. The complete study is in progress in our laboratory. This strategy is also 
useful for the synthesis of (+) heliconol starting from D-DET. 
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